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(54) SINGLE STAGE PRE MIXED CONSTANT FUEL/AIR RATIO COMBUSTOR SYSTEM 

(57)Abstract: 

PURPOSE: To provide a combustion system being used 
for radial turbine type gas turbine module drastically 
reduced with NOx and CO level. 

CONSTITUTION: An annular combustor system 10 has 
an annular housing 40 defining a single stage combustor, 
an external fuel/air premixer system 60 having a mixing 
chamber 52 and a compressed air valve 90 and a fuel 
valve 92 both under the control of a control means 94, 
and provides a preselected lean fuel/air ratio mixture for 
introduction to the combustion zone 54 of the annular 
housing. Compressed air conduits 80 are used to 
channel a portion of the total compressed air flow to the 
premixer and the remainder to the dilution zone 56 of 
the combustor. A fuel conduit 66 is used to deliver all of 
the fuel to the premixer. Convection cooling of the 
annular housing is accomplished using compressed air 
without diluting the fuel air ratio in the combustion zone. 
The axis of the venturi 68, of which inlet is sprayed with 
fuel by nozzles 64, is aligned substantially tangentially to 

the annular housing axis 42 to provide a swirling admission of the premixed fuel/air mixture to 
the combustion zone. 
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v\> 1"ftfr*>. ^v^^owgis^seicioi^x, jfcSg82 
rt£fficix5JEEffi£Ml2ji&j^£54 I t , X$S$5 LTV^5^S^/ 
£ftfg"&^t>R58t£ftT^5 0 ^©flfi£©fc*tc, *SR 40 

**54«t»-c»#-*©«ss/sftit«:a < fflw-rz rt^ 

<0. NOx, *^ii^S0 ; ^S'J4^c0^/i,^-(gT 

[0029] ffiismtnm&iicmm^* ^^-m^m 

U «SjBE«54Sr«acft»i-*4: ttli. f«58a 
&tf58b icEE&Sm^ffefS-f 5 0 @ 1 ic^-fi 5 |c. ffi 50 
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SflfcAPSgft^-VX-JX. *fc»!t^82XI±82a /4><b 

&80I1, »lc«fMB**fflyX*«:ttJfi-*-5»£-, ffii§£ 
^SAXu^-MOi^TX^;* Xvu64i 
1-5SiJ©ffiK88^W1- 5 r h tfXZ 5. 
[0 0 3 0] Ull li|iaiLfc±|EtiiM^t>WP>*^«t 5 
It, m*S£^g^#&80ii, MS**X£^Xus*-y— 60 

\cmmi-z>&&) tt&mz'pmx\ ^-rm-Lxk*- 

t'^20I^A5Mtc#m^^ *r * b fcM*»t#|R-f4fc*rt 
X*$>5„ 

[0031] 3f>fc;«sw-ctt:. xu^^r-y— ic#t^i- 

((Hi . X^-t-A84^? J -<>?- ; x y-AP 

5o #90«Jg^lcWSWt6X& ►) , #90©aS4«it 
li#*W©«m/2*Xu 5 *f— ©#£ U^fit©12 
ttKMilLX^ WTfc-JifiMBfcttltf 5. 

[00 3 2] 0 3 14, 9J©J8#t0>fl382gft#*¥»«:*" 
l-^^SSv-^xAiio «r^1". 01 2 ro*J!ig« 
i:Pli:XH:«(aro^**-*-5«ritB*KH:, Tioo j 
SSM-Pl C#fiB##«r#4--fS D HI 3 (ctJV X 
#RB##180 X— jRWlc^f ffi*?gl5#«f#a«f -C, BE 
fg£ft}i*Xu-^-Ai30 i:^^e'v 5 >-^140 Srffltpatttijlt 
1^182 t©Mlw»E##181 Sr^ft. «m/ffi«XU5 
*4)r-s^i?vyUiL&\&2 It. ffi&\82 ©±8EX*»I£ 

v?V^»4*162 t ^^1=181 ircofflWiS^lC 
#190 *s«it ?>ixXJo 9 . SaoStli^/^Xu?^ 

■y— 160 \zmx-ti>m-<r>n^t. »tt*ffa»i8ia* 

SXSK182 ic^Sd^ixSo UlcDHJg 

(XU5*-y— ICSEA1-5E«^©HSWIC^X© 

86©'X ki,-t®£#imtZ1tiblc&im£ttZ>) ktt-< 
X, ^f4/^MXu-5 160 icsEA-f-^EJS^ro 
t'O^'b. B^152 fci&frj-S'^^V^MO (OS? 
»186 ^^a]-r5fcfelC^h)ix^l,> 0 LA^L. I3©I 
JfeCTl-itJ, hlSSaSt/lSSblCcitA-f -Sffiffi^ 



13 

/aft -? v % * * 5; ^ ^ t m.m~ mt x- # 5 

[0 0 3 3] SfeU:*«9]-eWt. «S*KW&ffli*:/i'5* 

A^St«»**5fc ft 
!Sttt>iXT^5. TV?**-**** 

»«EKSr»^-r5„ *KR##«:tt:. £ft 5 

fcftfc*R«l&rtfcElI£ft5 0 #W»«-C*ftWi::fc 
?l]-*5.fc5K: (I3l5r#fi?.) > *8»?-f ^66(4^ / X 

5»li»|iffa* rir^^Hj M/X/UtUT 
[0 0 3 4] *P>lC**W-CI4, yu^^-^-fC^-r 
L-T. »A#- h <t 9«SS&Kt3f 

£#-f S. *9lli#rft*WK:RiP§1--5 i 9 Id (H 1 

HP&Wic^-f ) , (Wx.if , 

^utyf-) (DV>-fitT*t) iv^^ h n — 7— 94(4, 
flE*£«#90i:«»U Ig^yfi !i-AP70K»?EA 

«»95%fiil±*#90ic i ow»1-i r t 9 , agfc 

[0 0 3 5] 1 ic^-t-J; 

ft£9J$rt5o = > hD-7-94fi^4/^^7 , u~ * 
60|i«tA-r5*Bl»SERtrffilt?gft«E«)W**l«» 
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[0 0 3 6] 01&tf0 2£#88L-C, Se^lCI4E« 
SH»A#a30*»e>*Sff«S«SrttJI (Slia) 82£ 
^LT^^i^y</40i75^ffi±|Cif # v ✓ ^40 m 

82rt£«ft5JE|f£«©-»tt:7l'-*-.A84fcA0, 

= ^ ho-5-94«r^LTJE«^»#90JCi 5JW»$li 

sMW/aft^ u 5 •> v /#ii^62 1 y u-r 

A84i©|H]0»»»«:«T. M/^^Wi^ff- 60 
MfltA1-<5. 'Of- a U-68-Cii, 
10 ^yX/W64A»t>WS^ (/X/W64^ TairT'y^hj 

-£tf) fcig&£ft, 'Of-* U-»*M&74|r»oT!SA 
M3£&T$Sj&?--r W<-52©*Rg|*g{54lcA5„ 
[0037] 0 2ld^i-j;5l^ ^ ; y^^<nW^mz 

MLT1#^£D^S 0 XI±R«rtf0 9 ) irfcSJ; 

20 SWMWS. 0 1 &.im 2 Id/^-fff^ (*AAAJ&»e> 

ft T«««54rt -citing ►) *f6]i^#< 5 

±5fc«t*/£ft«£tt*:!SA-*-S) KJtLTIi. ^~ 

#1RJ$56^A 5 . ^-y^/W505riioTAP^rt^->34 
^ST^-^^OICA 1 ?, frfUSt 51 ifCfc 9ft 

«fc •? ¥^i?a*7) 5 <ST-r5, 

[0 0 3 8] *38W©jS8«!i'^7 l AKJ:5j!IR*«)M«i 

*.#*»tttffli-5»^*t**^±^3K*$-e:5 tit 
*J»L. JtttOii 9 NO x k^&tfTt^&W&U^ 

^Sr*ft5fcftKff*ffi««o|6ftWlc^*fr«[ffl-f 5 

40 [0 0 3 9] ±!E<0«»K *^©SfSLV«/^ 
Xu-^^r^-J4. ff*ag««A#ai:. S««E¥if{k¥ 
a«:W-*-5£E«gftKA#at»l&1-4 An ^^5^ 

^•SA^at^SiLT^^^a. y-APlcA5flE*i?£ 
Mo^»lrSft^#^aiSr=fr1-5o @4?r#ffiU* 
frW^fEft-r^J; 9lw. 5*?— 260 

^■7 v?>^m>i(*262 w^rosmsA^a^^-f 

50 



(9) 
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[0040] mi Rxfm 2 (Dmm&kD t <r> t mm<oim 

Sr^rf 3«fi£®ii?l4, 200 ft©|^U#SB##£4 9* 
to '^ ; syVmL<fcivi 14, /n^v^^OO £, ti* 
5—\£yx-y-sy • ^-^3.-^212 oflnEE^ ^21 
4 O^^^OO ^•mitSfc^W/^v^^ff 
»302 k*G-t5. ^WsriZftKm lfp£X\ /n 

3 l±^f--y W<-/m>v?v^240 tADE/^v^^l 10 

4 &©fflfcfiMlU ^£#254 <r>m%-*Bl$.1rZ>^W 
y?240 <DUft28& <D>p< i:fci£«|c:flEK282 

5. 7-<T— SPtt303 tt*fc, imL'^*s><fl\\ tt 
t>K, Ett£*©HB«:*ftT'>*^:^£Hr*302 £ 

284 S-fl^tS. 
[0 04 1] ttltTH4«r#fi8i-5i:, M/Mt'U 
/^^V^300 14, #«i|«308 K4 V*tl?tl 
±tfLAXfTtfi<0=>ys<- h/y H304 . 306 lC#|JJ£*i, 
T^S. WPSC310 ttjMMK308 fcRlt&ftT*$«K BR 20 
PSB310 rtlC/<*7?>f£!#«290 ^@eg?5E^St!Jf=J- 
ttfeixTl^S. 04K>0|J60tJ|;::ioV'>T. MOSI5310 ft-? 
<£>#«290 <D*fil4, «ix©|»S£,fttf-tftlc:J:-5ff;& 
<0(£7S£ii#?-f 54 ffl»T-A312 (0 5# 
HO lciDM«PS*i5. H 5 31150 6 lin«-r#«290 «> 
*|S]T-f4, #1K290 as#*M£308 fcttLXSkB. (0 6 |C 
TF-i-aS** y TV— >3 314 <D 

5«iJWps' K312 £>(Sgl4, MPSB310 F^SrsftHSEE^S 30 

M<T>^'y/<— y M04 t TffiO=i>/^— hp< > H30 
6 £©WKi3lt$E18£jKje©fl»H\ If oftgHig 

x5rtT-#> toTBR/ai^l/? 260 

[0 0 4 2] ##J&308 J4, ^Vf-a. y-268 WAP27 
0 ^8tt)M-ltf>ixTl>5iiSn(D^pgP316 £*pf5. # 
#H£308 Wf^iilMVfa y — AP270 Wrtffit 40 

(Dm£xj>-xtem&tf&zz>j: -o-^ y-A 

P270 #«&308 ICfetl^ltbiXT^-S. 

^Vf-^.y-268 14. iBScOvN^v/^^' • nyA-^ 
>h304 , /N^^y^^($:302 , -7 v^^M 

Xt«8*8f+ 303 £gT5g£U PJSA 

#-h243 rofigtv^v^^O L-CV*5. 0 

268 rto*»/ffijis^.«,ojlix*iaj«c-jftWt»i£:-t 

s^v^ v-<r>mm74 i4 s 

v?>:/240 (Dttlg (H^-U-f) I^LT, 50 
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*|6j|CKA1-5 4 5 twffi(6] LTV^o 
[0 0 4 3] ffc^TB 4 

f4TflE©3 w<- H306 lci©t)f+»4e>tiTtJ0. 

^/X/UttiP3l8 14^0-^3. y -C9«ii$274 K&oT 
-<^^-^y-AP270 lEjRW^T'U'-SraHi&f 5fc 
ftfi-fS, ^yX/U264 14, fct}P318 4 fJMS^yu 
-&HJ1-l»£EEIB£»0n*< *M*#- h32 

4 i9A5*8»*r»#i>*5fc*lw, *°- K320 ROW 
ffi-<->322 «rttffl1-5»«E^7'u-Si-e*>5. tfcH 
4 lc*1-#7LSKJx¥rlMI:S*326 14, Tiw^y^-h 
p<>h306 ftlCfigL, E^yX/KilP318 S.l/'Of- 
a. y-AP270?rH^, ^>-fa!)-|>i©W/j;SJ 

*«msers) . #?LS*326 SrA«1"St«*»*EE 
/jlftTjiSfirSdJ, #?LS?g326 14, ^yfa!)-AP 
270 <oy y7 p geicjov^r^-gt$rgri-c:i:^<, T»£ro 

3 y/<— Y / v K306 X/U264 SrST^V^ 

^y-AP270 *-ev^<ff*^«* 4 

[0 0 4 4] H7I4, H4~H6KS%i-#4LV^J(BW/ 
ffiSC^U5**-©ia3iW/j:a!JE« (#!W§.360 T— 

300 ft-?*** 5 n c#B9#*iw 4 9 ^-fo fm/^-f 

\s 360 14, ^#J«408 <D*ffi4t)ffiA^±|C3i 

^E-T5AR370 Srtti^Vfi y-368 Sr^r-f5 0 S 
fc,.*R»yX/HHP418 14, y-AP370 

sffi-rs,, ^r4/x/w364 <Dftii/ittffi(4, ^yfap 

-368 (*fcll4~|l6(C^1-aM0 i JTi4/X/U264 R 

xi^s^?. y-268 ) tifligLT, ffl&rtKg&.sr 

tt^>^-^ y-©ttH374lCl«io-C^<>-f- 
^.y-AP370 <OiS&(cim5gm/X/umP418 5r* 
»*fi[Bfcil«-t-5 r t as-et 5;ii4 Sil#-c*li 

tf*aii»*>«. m7w^te0ij(om^t, ^ft^y- 

^5*426 *rffiffl-fStSEn^$S{t:1-5o. 0 
teffli-StOT. 0 4 l^-f fci£i-E&-f S&m/^M 
[0 04 5] 

[HifeW] 

04-0 6 5 SrWTS 

14. Mc&ffl LfcHBoagft-+j£ffi£jiH- e 
[0 0 4 6] ^1 

cD^lfi • • • 12. 3X10 1 m 3 

^S^W^S 0. 346 m 

8*8E*£<0 1*1*1 0.200 m 



(10) 
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ftSggf • • • 0. 124 m 

i&Sfl • • • 45mm 
ffiP • • • 75mm 

%^mB<D& r K<OW&JkX*\?y : ? • • • </>3.75mmX5 
mm 

[oo47i f^nt r>r ku >^&V7/uf^«iiij** 

?C&#*<DBTUJt (Mj/kg) 
JfttttE* (g/s) 

±^%mm (g/s) 

ES^APtg (1C) 
£J±^«3fc (%) 
££^H^- (factor) 
/N-^-VEa^ (%) 
15% 0 2 ^NOx (ppm) 
[0 0 4 9] ±|Sx-^^S : L<{S^NOx&ai^^/l- 20 

G. Leonard et al. , 'Development of Aero Derivative 
Gas Turbine DLE Combustion System" {tEjl^tlftit J* 
■ ^-t>DLEli^rA(DK) % Diesel And G 

as Turbine Worldwide, 1993^5^, 22H/3.U<24H£:# 

[0050] *mw<Dm$;f&m®i'X7 L J*, 

* « H © fit » £ &K *■ 5 d 1 4 < X JE £ + 5 r t & t*# 
[[21] *56WO**«^xASrttffli-4^^-- 40 

3 D 

[13] II l fctJV^T^i-JSJSS^^T 1 J»0>ft«5ftSr 

[0 4] Hi <£>»H<£>#£ Lt u * 

[0 5] B 1 (OKlOfifS Lv«ft/S«^^-; *f 50 
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#290 &t>»# (H^-fr-f) Sr-fey h-f^r 
[0 0 4 8] 
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38. 02 
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160 
0. 033 

430 
3 

2.3 

8 

3 
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